1. The liberation of ammonia from adenosine 5' -phosphate (AMP) and adenosine and the release of inorganic phosphate from AMP were investigated in homogenates of bovine and human parotid glands.
Introduction
Human mixed saliva contains a very high concentration of ammonium ions (Kopstein & Wrong, 1977) which are believed to play an Correspondence: Wieslaw Makarewicz, Department of Biochemistry, Medical School, ul. Debinki 1, Poland. important role in protection against dental caries (Kesel O'Donnell, Kirch & Wach, 1947a; Grove & Gr; ve 1953) . It has been shown that bacterial degradation of urea excreted by parotid glands is the main source of ammonia in human mixed saliva (Kopstein & Wrong, 1977) . However, an appreciable amount of ammonia is present also !n fresh saliva collected directly from the parotid duct. Kopstein & Wrong (l977) reported that the average content of ammonia in human saliva collected directly from the parotid duct is approximately O· 5 mmol/l,~hich exceeds. by~0 times the average ammonia concentration in human venous blood (Lund, Brosnan & Eggleston, 1970) . The source of ammonia excreted by the parotid glands is unknown and deamination of amino acids (Kesel, O'Donnell, Kirch & Wach, 1947b) and the operation of the purine nucleotide cycle (Lowen~tein, .197~ ; Makarewicz, 1979) should be considered in this respect.
. . . Ammonia may be produced m vanous animal tissues from adenosine Sf-phosphate (AMP) either by its direct deamination to inosine 5'-phosphate (IMP) in the purine nucleotide cycle or as the result of concerted action of 5' -nucleotidase (EC 3.1.3.5) and adenosine deaminase (EC 3.5.4.4) (Von Matthias & Busch, 1969; Woods, Eggleston & Krebs, 1970; Lowenstein, 1972; Van den Berghe, Bronfman, Vanneste & Hers, 1977; Van Harn, Rubid & Berne, 1977; Wegelin, Manzoli & Pane, 1978) .
In the experiments presented here the release of ammonia from AMP and adenosine and the pathway of AMP metabolism in human and bovine parotid glands were investigated.
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Materials and methods
Preparation oftissue homogenates
Human parotid glands were obtained during autopsy performed 24-36 h after death. Bovine parotid glands were obtained from the slaughterhouse 2-3 h after death of the animal.
The parotid glands were freed from connective tissue and cut into small pieces with scissors. Homogenization was performed at O°C with five volumes of potassium chloride solution (0·2 mol/I) in a glass homogenizer with a Teflon pestle. The homogenate was centrifuged at 4°C and 600 g for 10 min to remove pieces of connective tissue.
Protein concentration in the homogenate was measured by the biuret reaction as described by Gornall, Bardawill & David (1949) with bovine albumin fraction V as standard.
Incubation with AMP or adenosine
The incubation mixture contained in a final volume of 10 ml: K+ succinate butTer (50 mmol/I), pH 6·5, potassium chloride (140-180 mmol/I), AMP or adenosine (5 mmol/I) and 1-4 ml of homogenate. Incubation was started by the addition of homogenate and was carried out at 30°C for 10, 20 and 30 min or 20, 40 and 60 min. Samples (1 ml) were taken in duplicate from the incubation mixture and transferred to test tubes containing 0·5 ml of 15% (w/v) trichloroacetic acid. Potassium hydroxide solution (0· 5 ml) (0·9 mol/I) was added and the precipitate was removed after centrifugation at 1000 g for 10 min.
The supernatant was analysed for ammonia by the phenol/hypochlorite method of Chaney & Marbach (1962) and for inorganic phosphate as described by Gomori (1953) .
The values obtained were corrected for the amount of ammonia and inorganic phosphate present in the incubation mixture at zero time. The amounts of ammonia and inorganic phosphate estimated were proportional to the time of incubation and to the volume of tissue homogenate.
The rate of ammonia and inorganic phosphate liberation was calculated as a mean from incubations performed at three time intervals.
In the experiment presented in Table 3 the incubation mixture in a final volume of 25 ml contained: K+ succinate butTer (50 mmol/I), pH 6·5, potassium chloride (100 mmol/l), AMP (5· 25 mmol/l). Incubation was performed at 30°C. At the time intervals indicated samples (4 rnl) were transferred from the incubation mixture to the test tubes containing 0·5 ml of 27% (w/v) perchloric acid. The protein precipitate formed was removed by centrifugation for 10 min at 1000 g and 3·5 ml of the supernatant was taken and brought to pH 6·9-7·0 with potassium hydroxide solution. The precipitate of potassium perchlorate formed was removed by centrifugation as above and the supernatant was used for ion-exchange chromatography of nucleotides and nucleosides.
Purification of adenosine 5' -phosphate deaminase (AMP deaminase; EC 3.5.4.6) The purification procedure of Smiley, Berry & Suelter (1967) was adopted. The adsorption of the enzyme on phosphocellulose was continued for 3 h at 4°C and the elution was performed with potassium chloride solution, pH 7·0 (2 mol/I), containing mercaptoethanol (1 mmol/I). Fractions obtained were analysed for protein content (Layne, 1957) and the activity of AMP deaminase was determined from the amount of ammonia liberated as described above with an AMP concentration of 10 mmol/l.
Ion-exchange chromatography ofnucleotides and nucleosides
Samples of deproteinized incubation mixture brought to pH 6·9-7·0 were applied to the column (25 em x 1 ern) of Dowex 1 (X 8; 20(}-400 mesh). The column was washed with 200 ml of water at a flow rate of I ml/min and the effluent containing adenosine and inosine was collected. AMP and IMP were then eluted from the column as two separate peaks by linear hydrochloric acid gradient «}-o·6 mol/I).
The nucleoside-containing effluent from the Dowex 1 (X 8) column was concentrated to a volume of approximately 10 ml with a rotary vacuum evaporator, brought to pH 6·9-7·0 with potassium hydroxide and applied to a column (20 cm x 1·5 em) containing Amberlite IRC-50. The column was washed with 200 ml of water and the effluent containing inosine was collected. Adenosine was eluted from Amberlite IRC-50 with 200 ml of hydrochloric acid solution (0·6 mol/I).
Solutions containing separated nucleotides and nucleosides were concentrated if necessary with a rotary vacuum evaporator and their concentrations were measured spectrophotometricaIly at 257 nm for AMP and adenosine, at 251 nm for inosine and at 249 nm for IMP (Dawson, Elliott, Elliot & Jones, 1969) .
Reagents
Inosine, AMP (free acid), IMP (disodium salt, grade III) and bovine albumin were supplied by Sigma Chemical Co., St Louis, MI, U.S.A. Dowex 1 (X 8; 200-400 mesh) was from Fluka AG, Switzerland and adenosine and succinic acid were from Reanal, Hungary. Phosphocellulose P-ll was supplied by Whatman Biochemicals, Balston, U.K. Other reagents were supplied by Polskie Odczynniki Chemiczne, Gliwice, Poland, and were of analytical grade. Water tridistilled from quartz apparatus was used for all experiments.
Results and discussion
Adenosine and AMP release ammonia when incubated with homogenates of human and bovine parotid gland. When AMP was the substrate the release of ammonia was accompanied by approximately equimolar release of inorganic phosphate. As shown in Table 1 , under the experimental conditions employed the amount of ammonia formed by human parotid gland homogenate from AMP and adenosine was similar. However, twice as much ammonia was produced from adenosine as from AMP when these two substrates were incubated with the homogenate of bovine parotid gland. Data presented in Table 1 indicate that in bovine parotid gland homogenate the activities of enzymes involved in AMP decomposition were roughly 10 times higher as compared with human parotid gland. This was true when the amounts of ammonia and inorganic phosphate were calculated both per gram of tissue and per milligram of protein in the homogenate. The activity of adenosine deaminase in bovine parotid gland homogenate exceeded 30-40 times the activity of this enzyme in human parotid gland. To check whether the low activities observed in experiments with human parotid glands were not the result of a prolonged time which elapsed between the death and removal of the tissues, the activities of AMP deaminase and adenosine deaminase were measured in human parotid glands obtained during surgery. This control experiment showed that the differences in enzyme activities investigated in the human tissues obtained during surgery and post mortem did not exceed 20%.
These experiments showed that in parotid gland AMP and adenosine may be the source of ammonia, but failed to prove that AMP in this tissue can undergo direct deamination to IMP.
The existence in parotid gland of both AMP and adenosine deaminases was confirmed by a partial purification of AMP deaminase from this tissue.
As shown in Table 2 , the AMP deaminases purified from both tissues displayed similar specific activities of about 400 nmol min'? mg- Thus the existence of the enzymes de- 
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41·8 ± 1\·7 (6) 1134± 136 2·6  3·8  60  5·3  3·2  2·6  4·4  15 ·5  7·6  7·8  90  2·5  3·3  2·6  7·4  15·8  10·8  11·1 aminating AMP and adenosine as well as dephosphorylating AMP was shown, and it has been interesting to study the sequence of the degradation of AMP in human parotid gland homogenate. To do this human parotid gland homogenate was incubated with AMP (5·25 mmol/I) at 30°C. Samples of the incubation mixture were taken at different time intervals and analysed for ammonia and purine nucleotides and nucleosides. The results are presented in Table 3 . As shown in Table 3 , the AMP content in the incubation mixture decreased steadily from 15·5 ,umol at zero time to 2·5 ,LIllol after incubation for 90 min. After incubation for 15 min the sample in addition to AMP contained IMP, adenosine and inosine. Between 60 and 90 min of incubation AMP content decreased further, IMP and adenosine concentration remained unchanged and a steep increase of the inosine concentration was observed. During incubation the sum of nucleosides and nucleotides remained constant and equal to the initial amount of AMP.
The amount of ammonia released was equal to the sum of AMP and inosine, i.e. the products of deamination of AMP and adenosine respectively.
As shown in the present paper, AMP degradation in human parotid gland leads to the accumulation of inosine as has been observed in skeletal muscle (Jones & Murray, 1962; Kassemsam, Perez, Murray & Jones, 1963) .
This degradation can proceed through dephosphorylation or deamination of AMP with the formation of adenosine and IMP respectively. The results of experiments presented in Table 3 suggest that both pathways of AMP degradation operate in parotid glands, as the observed accumulation of inosine may result from IMP dephosphorylation as well as from adenosine deamination. Nothing is known about the substrate specificity of 5'-nucleotides in human parotid glands. In rat liver this enzyme can dephosphorylate IMP even faster than AMP (Vanden Berghe, Van Pottelsberghe & Hers, 1977) .
The extent to which AMP undergoes dephosphorylation or deamination depends on the relative activities of 5' -nucleotidase and AMP deaminase. In many animal tissues both these enzymes exhibit complex regulatory properties and their activities can be modified by ATP, guanosine 5' -triphosphate, inorganic phosphate and K+ (Burger & Lowenstein, 1967; Makarewicz, 1974; Makarewicz & Stankiewicz, 1974) .
No information is available on the regulatory properties of these enzymes in human parotid gland. It remains to be shown whether this tissue contains the activities of adenylosuccinate synthetase (EC 6.3.4.4) and adenylosuccinate lyase (EC 4.3.2.2), i.e. whether the purine nucleotide cycle can operate in human parotid gland.
In a search for ammonia-producing reactions in parotid gland attention should be also paid to the occurrence of glutamine deamidation. It has been shown in this laboratory that human parotid gland homogenate catalyses the deamidation of glutamine at a rate of 140 nmol min-I mg:' of protein (Z. Bereznowski, A. Stankiewicz & W. Makarewicz, unpublished work) .
